Design of power plant at Urbana Ill. for Illinois traction system by Fellman, Henry Charles & Hagen, M. Edward
DESIGN OF POWER PLANT
A T  U R B A N  A , IL L .
FOR
ILLINOIS TRACTION SYSTEM
H E N R Y  C H A R L E S  F E L L M A N  
M. E D W A R D  H A G A N
THESIS
FOR
DEGREE OF BACHELOR OF SCIENCE
E L E C T R IC A L  E N G IN E E R IN G
C O L L E G E  O F  E N G IN E E R IN G
UNIVERSITY OF ILLINOIS
P R E S E N T E D  JUN E , 1907
UNIVERSITY OF I LLI NOIS
May..2.8..,......190 7
THIS IS TO CERTIFY THAT THE THESIS PREPARED UNDER MY SUPERVISION BY
........HENRY...CHARLES...FELLMAN.a.nd....M.I.C.HAEl..E.D.WARD.....HAGAN.......... .
e n t itl e d  ...DESIGN.OP..... A... POWER..PLANT.F..Q.R....URRANA.,.ILLINOIS...........
IS APPROVED BY ME AS FULFILLING THIS PART OF THE REQUIREMENTS FOR THE DEGREE
OF BACHELOR.OF..SCIENCE..IN..ELECTRICAL.ENGINEERING.... ............
HEAD OF DEPARTMENT OF....... ELECTRICAL ENGINEERING.
101881
DESIGN OF POWER PLANT
I
I I
I I I
at
URBANA, ILLINOIS.
ILLINOIS
fo r
TRACTION SYSTEM.
OUTLINE.
Introduction,
A Object,
B Restrictions, 
Description o f Present Plant,
A Location, %
B B oiler Room,
C Engine Room,
D D istribution,
a C ircu its, 
b Load,
Description o f Proposed Plant,
A Ju stifica tion ,
B Location,
C B o iler Room, 
a Bo i le  rs ,
1 Number
2 Kind,
3 Rat ing,
4 F iring, 
b Feed Water,
1 Supply,
2 Heater,
c Pumps,
1 Numb e r ,
2 Kind,
3 S ize,
-2-
' d
3
Dual,
1 Kind and Quality,
2 Method of Handling,
3 D isposition of Ashes, 
Stack,
IV Sngin3 Room,
A Engines,
a Humber, 
b Kind, 
c Horse Power,
B Generators,
a Number, 
b Kind 
c Capacity,
C E xciters ,
a Number, 
b Kind, 
c Capacity,
D Switch Board, 
a Location,
b Kind and Size of Panels, 
c Number of Panels, 
d Description o f Panels,
E Auxilary Apparatus,
V D istribution,
A C ircu its ,
a Number, 
b Location o f
•
B Transformers,
a Number, 
b Size,
c Arrangement of.
■3-
INTRODUCTIOH.
Object: With a view o f sa tis fy in g  the increased
demand fo r  ligh t and power in the c ity  of Urbana, the 
authors have endeavored to re-equip and arrange the 
present power station and power c ircu its  o f that c ity .
Lim itations: The fo llow ing restrictions were
submitted by the I l l in o is  Traction System to guide the 
authors in the design and equipment.
The power plant to be located on the present 
s ite  o f power plant.
Tracks to be l e f t  as at present, may assume 
en tire ly  new construction.
Coal same as now used.
Water tuba bo ilers  preferred, with stokerd
\
and simple coal handling machinery.
A. C. current at 2300 volts  and 60 cycles.
Capacity o f Generator unit should be 375 K W 
and auxiliary  railway uint o f 200 K W at 550 ‘v o lts •
Must be able to ran in pa ra lle l with same 
current supplied from Champaign station.
Engine to run non-condensing exhausting into 
heating system against back pressure varying from 2 to 
7 lbs.
Must arrange fo r  some s ligh t extension of 
engine and b o ile r  capacity.
*m Q M
F irst cast must be carefu lly  considered and 
made as low as possible,  ^f consistent with conditions 
ex isting.
DESCRIPTION OF PRESENT PLANT.
Location: The Urbana Light and Power Plant is
located on Water Street, one-half block east o f Market. 
This position gives i t  immediate access to both the Big 
Four and Wabash Railroads, as well as a branch lin e  o f 
the I l l in o is  Traction System, thus minimizing the 
danger o f temporary shut-down due to strikes, labor 
troubles, or loca l disasters.
The present location is two blocks from the 
center o f the business d is tr ic t ,  being id ea lly  placed 
with respect to supplying steam heat to the business 
houses.
General Descriptio n : The plant is en tire ly  con­
tained in one building 43* X 115' This structure is 
divided into two main rooms, with f i r e  wall between^ 
namely, the b o ile r  and engine room.
The space given fo r  the bo ilers  is located 
in the north end of the building and measures 40* X 
4 3 - 1/2 * inside dimension. The engine room is located 
ju st south of the b o ile r  compartment and measures 
40* X 68*. The floo rin g  o f the engine room is 3** above
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that o f the b o ile r  room.
B o ile r  Boom: The b o ile r  room is anything but
s a t is fa c to r ily  planned and arranged. The f l i o r  space 
is not divided with any show of economy. The boilers 
are four in number, f i r e  tube, hand fed, and large fo r  
th e ir  capacity. Three of them are rated at 150 and the 
fourth at 125 horse power. Owing to the poor condition 
o f these bo ilers  the F ire Underwriters have allowed but 
110 pounds presure on the three largest and 100 pounds 
on the small b o ile r . This, o f course, has reduced their 
capacity considerable.
A space of abotit 12* in width is allowed in 
front of these bo ile rs . This is hardly more than enoiigh 
to properly attend to and clean the f ir e s ,  nevertheless, 
this space is almost en tire ly  f i l l e d  with coal. No stokers 
or coal handling machinery is used. Such conditions not 
only hinder the fireman in the preformance of his duties, 
but also lowers the e ffic ien cy  of the bo ilers  because of 
the im possib ility  o f proper handling.
The stack is located just north of the b o ile r
room with no space between it  and the b o ile r  room wall.
<?*/ . . ' ■ ’./?
This renders any extension cfthe plant in this d irection
impractible, as the stack is new and would have to be
destroyed. The stack measures 12' X 12' at the base
is 86 f t .  high and the flu e is o f 5* diameter.
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Engine Room; The f lo o r  o f the engine room 
proper is elevated three fee t above that of the b o ile r  
room. This was so designed that a p it was formed 
along the east side o f the room, the f lo o r  being le v e l 
with the b o ile r  room flo o r . In this are placed the feed 
water heater and one steam driven water pump. The 
heater is o f v e r t ic a l type and in poor condition. The 
pump, Dean Brother make, is new and in very good con­
d ition .
Three Warren Inductor Alternators, single 
phase, are d ire c tly  connected to single acting steam 
engines. Two of these generators are 60 K W, one 
being connected to an Ideal, the other to a Chuse 
engine. Third, generator, a 120 K W machine is connected 
to and driven by an Ideal engine.
Each of these alternators has a separate 
exc ite r  o f its  own, which is connected by belts  to the 
d iffe ren t engines.
Besides these three generators there is a 
d irect current dynamo of Edison Bipolar type, which 
is also driven by the Chuse engine, a b e lt being p lac­
ed on the f l y  wheal.
The switch board begins at the south west 
corner of the engine room and extends north along the
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west wall of the building. There s ix  panels in number, 
three o f which are A. C. Generator Panels, two fo r  
c ircu its , and the sixth a D. C. Generator Panel.
The I l l in o is  Traction System owns twelve fast 
east o f the power house which istaken up by the railroad 
spur on which coal is shipped in, preventing any exten­
sion in this d irection . The plant sets back twelve fee t 
from the side walk and a small margin o f two fee t extends 
along the west side. At the rear of the structor there 
is about 125* extending north to the Wabash Railroad 
tracks. Expansion can, therefore, be made in this d irec­
tion only, without the purchase o f more land.
D istribution , Circu its : There are seven c ircu its
in a l l ,  three incandescent and four arc ligh t. The arc 
ligh ts  give good sa tis faction , and good regulation 
is obtained due to the regulators placed in these 
c ircu its . No regulators have been placed in the 
incandescent c ircu its  and much d issa tis faction  has 
resulted due to poor regulation and excessive lin e  drop.
One arc ligh t c ircu it feeds the north-west 
d is tr ic t  o f Urbana. Another supplies the south-east 
portion, a th ird the business section of the c ity , and 
the fourth the south-west resident d is tr ic t .  Approxi­
mately, twenty-five ligh ts  are in service in each 
c ircu it . The three incandescent c ircu its  supply current
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to the same d is tr ic ts  as do the arcs mentioned above, 
and are insta lled  on the same pole lin e .
The d istribu tion  o f load may readily be seen 
from the accompanying tab le, which shows the number 
and the mak3 of the transformers, also the number of 
houses and ligh ts  supplied by each.
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A view o f the Present Power Plant.
A Viaw o f the In te r io r  of the Engine Room.
B o ile r  Room, Showing Method of Handling Coal
-11
The accompanying curves show the variation 
o f load with the time of the day. They were plotted 
from readings taken December 20th and 21st, 1906. I t  
w i l l  be noticed that the increase of load starts at 4:40 
in the afternoon and reaches its  maximum at 7:00 o’ clock 
in the evening.
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| u s t if i cation fo r  New Plant: The c ity  council of
Urbana has agreed to extend the franchise o f the Urbana 
Heat Light and Power Company fo r  twenty years, pro- 
vided tli^ expenditure of F ifty  Thousand Dollars be made 
upon the present plant and circu its  to meet the increas­
ing demand fo r  e le c tr ic a l energy.
I t  has been considered by the company that 
the plant is inadiquate to supply the demand fo r  ligh t 
and poweri that the apparatus is o f old type and much 
worn; that the regulation is poor and that the boilers
are old and unreliable, while coal is deposited and
If U
handled in a very unsatisfactory manner. -It is- such 
that the economy and e ffic ien cy  o f the plant is greatly  
reduced.
I t  has been the endeavor of the authors to 
3how how these demands may readily be met in an eccnimical 
and practica l way. A power plant has been designed 
requiring the in sta lla tion  o f new and up-to-date ap­
paratus, including bo ilers  and coal handling machinery 
o f approved type.
S tr ic t attention has been kept to the 
restric tion s  imposed on page 3, the f i r s t ;.-costx being 
the con tro lling  item. The Champaign Power Hou^e, new 
and up-to-date is now running da ily  at more than fu l l  
capacity. The plant at Urbana could be made to operate
-■13
in p a ra lle l with that c f Champaign, thus reducing the 
load o f the la t t e r  and at the same time maintaining a 
high load factor at the Urbana plant.
Location; The new plant is to be located on the'-, 
present s ite  of the old plant, that is , on Water Street 
one-half block east o f Market. This gives a l l  the 
advantages raer/tioned in the foregoing pages, such as, 
cen tra lization  fo r  the heating system, and nearness 
to railroads fo r  the delivery  of coal and the carrying 
away o f ashes, etc.
B o iler Room: The proposed b o ile r  room to remain
in f lo o r  dimensions as at present---40’ X 43-1/2’ .
The rocf o f this part o f the building to be raised to 
accommodate the in sta lla tion  of coal deposits bins.
The bo ilers  recommended are water tube 300 
H P. three in number. These to be placed facing the 
east. • One battery of two bo ilers  and an a is le  o f 4’ 
between them and the th ird, which is a reserve bo ile r .
Rating: As stated above the. bo ilers  recommended
are to beof water tube type and to have a capacity of 
300 horse power each. Each must have 2,700 sq. f t .  of 
heating surface and 50 sq. f t .  o f grate area.
The bo ilers  are to be sustained independently 
o f brick work and to be free to expand and contract w ith-
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cut a ffa c tin g  thy same, and so that the mascrwry may be 
removed and replaced without disturbing any f it t in g s  
or connections, which is accomplished by using wrought 
iron supporting beams and columns with cast iron bases 
properly secured.
F ir ing: The bo ilers  are to be equiped with chain
grates and hoppers to which the fuel is supplied by 
means o f automatic cbal handling apparatus.
Supply: The water used in the bo ilers  is taken
from the Urbana c ity  mains and contains a considerable 
percentage o f sa lts  in solution.
Heater: An exhaust heater o f the closed h ori­
zontal type and of approved design is to be used; this 
w ill  take care of the objectionable ingredients in the 
feed water to be used.
Pumps: I t  is the intention to use a comparative­
ly  new steam driven pump in good condition now in use in 
the plant. The increased b o ile r  capacity necessitates 
the addition of a second one, which i t  is deemed adviaable 
to be of the same type and size .
Fuel: The fuel used is the I l l in o is  Butuminous
coal from Danville and is o f fa ir ly  good quantity.
Method o f Handling: The dump cars carrying fuel 
are run in on a spur from the I l l in o is  Traction System 
lines and the coal dropped into p its between the tracks.
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Frcm there i t  is conveyed by means cf backet. carriars, 
arrangad in an endless chain to the storage bins above 
and to the front o f the bo ilers . The coal by means 
o f the long feed pipes, passes by gravity  to the grates 
as i t  is needed. The bins are 28* long 8 ' Stride and 10* 
deep, are supported by cast iron columns, approved con- 
structicn being followao throughout. A hopper fo r  ashes 
with dimensions o f 9* long 8* wide and 10* deep is 
adjoin ing that to be used fo r  fu el.
D is tribution o f Ashes: The cinders and ashes are
raked from under the bo ilers  into the conveyor, which 
carries them up into the ash bin above. From there they 
pass by means o f a chute into the c^?s and are carried 
away.
Stacks The chimney as i t  is at present is of 
ample size to take care o f the increased b o ile r  capacity 
o f the plant. I t  is of brick with a sq.uarebasej^and round 
cross sections above. At the*#rbund i t  i3 12’ X 12’ and 
5* diameter o f flu e .
ENGINE ROOM. A
Engines: There are to be two in number. One is a
Corless rated at 700 horse power with a capacity of 
supplying 1000 indicated horse power as a maximum load,
16
and the other a 100 horse power Chuse Engine, which is 
now running the 60 K. W. single phase generator and 
Edison b ipolar dynamo.
The authors in designing the station and choos­
ing the apparatus andrcachinery have constantly kept in 
mind the variation  ofload required, end have endeavored 
to show how the proposed plant may he insta lled  and 
equipped without to ta lly  shutting down the plant.
Unit number two to be taken out f i r s t  and the 
Corlj’es engine set and generator with excitler connected 
without taking out set one and three. With this new 
unit up and ready to run the unit designated as number 
one may be taken out while the new one carried the load.
, The above scheme necessitates the changing in 
position o f the pump and heater in use at present.
These w il l  be moved out of the way and set up temporari­
ly  during the process of in sta lla tion . The new pumps 
and heater w ill be set up and connected before old ones 
are disconnected and set up permanently in a p it in the 
north west corner o f the engine room.
Generators, dumber: there are four generators
recommended. Two o f three phase and 60 cycles at 2300 
vo lts . One generator to be 375 K. W. and driven by the 
Corldas, and the other c f 75 K. W. capacity by the Chuse 
engine.
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The third generator, a D. C. 200 K. W. ,
550 vo lt  machine is also run by the Corless, and is fo r 
the supplying of current to the railway system. In 
addition there is a generator of 15 K. W. JSdison b ipolar 
type with a voltage o f 220, which carries the motor load 
in U-rbana. This w il l  he kept in use so long as is neces­
sary to change the d irect current motors to induction 
motors.
Number o f Excitersi There aj*e exciters proposed, 
one fo r  the 375 and one fo r  the 75 K. W. alternators.
Kind: These exciters  are ordinary multipolar
d irect current type and are of the proper size fo r  the 
-n.> units Just mentioned, being of 15 K. ¥.
and o f 5 K. W. capacity respectively.
SWITCH BOARD.
Location: The switch board to be located on the 
east side of the building. In this position i t  shields 
no lig h t and is well lighted from the front. I t  w ill 
be some distance from a l l  the steam mains so that heat 
aris ing from same or leakage o f steam w il l  have no 
a ffe c t on the instruments and contact surfaces. Another 
advantage in favor c f this position is the fact that the 
old board can be kept in service while the new one is 
being placed and connections made, thus causing no delay.
Kind and Size: The material fo r  the switch board
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panals is to be of white marble free from metalic s tirae.
The front side polished.
Number o f Panels: There are to be three fo r  the
generators and one fo r  the in-coming c ircu its  from 
Champaign,and seven d istributing panels.
Description of Panels: The exc iter panel to con­
tain  a D. C. voltmeter and Ammeter, Rheostat connections, 
and a two pole switch,panel, to be IS" wide. The 375 
K. W. generator panel is to contain three ammeters, 
one fo r  each phase, a recording wattmeter, voltmeter 
connections, and a three pole switch. Panel to be 
24” wide.
The 75 K. W. panel is to contain an ammeter 
fo r  each c ircu it , voltmeter connections, recording watt­
meter, and synchronous connections. On th is panel are 
also to be placed the exc iter instruments fo r  this 
macchine. That is , ammeter D. C. and voltmeter, and Rheo­
stat connections. Panel to be 24” wide.
The third generator panel is that fo r the 
200 K. W. railway generator. On this board w ill  be 
placed the d irect current instruments, as, ammeter, 
voltm eter, rheostat connection fo r  f ie ld  of generator, 
recording wattmeter, and suitable switches.
On each c ircu it panel w il l  be placed the record­
ing wattmeter, the ammeter, and voltmeter connections and 
the lighten ing aresters mounted on the back o f the board 
near the bottom.
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DISTRIBUTION.
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C ircu its: There, to be seven circu its  in a l l ,
four arc ligh t and three incandescent c ircu its .
Location: The d irection  of the c ircu its  to remain 
as at present except new wire beingused where ever 
the engineer in charge deems necessary. The feeders 
from the station to transformers to be o f wire of 17o.
6 B. and S. gage.
The transformers to be shifted and changed 
where same are too small and overeloaded or fo r  any 
reason whatsoever unsatisfactory. •
Plate 2 shows the theoretica l ideal position 
fo r  placing o f the power house with respect to the best 
possible regulation and least lin e  less. By this method 
the centers o f gravity  of the d iffe ren t circxii.ts were 
found and from this f in a l ly  the center o f d istribution 
o f the c ity .
I t  would not be advisable, however, to place 
the plant at the center o f d istribu tion , which figures 
to be two blocks west and one south of the building known 
as the P la t Iron Building. In this position i t  would 
nothave the good position it  now has with respect to the 
receipt o f coal* neither would it  be so well placed to 
handle the steam heat proposition.
The center of gravity  would be the theoretica l
-21
of in s ta lla tion  and because o f the very great e la s t ic ity  
o f this system.
The to ta l cost should not exceed $75000*00.
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